ABSTRACT. The parasitoid wasp Pachycrepoideus vindemmiae (Rondani) is a common pupal parasitoid of many fly pests that is distributed worldwide. This organism can be used for biological control in orchards or livestock farms. Identifying polymorphic microsatellite loci would be useful for analyzing the population genetic structure of the parasitoid. In the current study, based on a modified biotin-capture method, 10 polymorphic microsatellite loci were isolated and characterized for the insect, 7 of which did not deviate from Hardy-Weinberg equilibrium. The allelic number per locus varied from 3-7 (N = 30). The expected and observed heterozygosities of 10 loci ranged from 0.369-0.775 and from 0.300-0.867, respectively.
INTRODUCTION
Pachycrepoideus vindemmiae (Rondani) (Hymenoptera: Pteromalidae) is a cosmopolitan solitary ectoparasitoid that is 2-3 mm long and attacks the pupae of a range of cyclorrhaphous dipteran species, including Drosophila melanogaster, Ceratitis capitata, Rhagoletis sp, Delia radicum, Fannia canicularis, and Musca domestica (Rueda and Axtell, 1985) , D. suzukii (Chabert et al., 2012) , Cyrtoneurina pararescita (Postal, 2007) , Megaselia scalaris (Marchiori and Barbaresco, 2007) , and Sarcodexia lambens (Marchiori et al., 2003) . This parasitoid had been used to biologically control such fly pests as house and stable flies (Petersen et al., 1992) . It is also effective against spotted-wing Drosophila, D. suzukii, a new invasive species that harms berry orchards in the United States and Europe (Chabert et al., 2012) .
Simple sequence repeats (SSRs) or microsatellite DNA, are powerful molecular markers that can be used to study intra-or inter-specific variation and the genetic structure of biological populations. Previous studies have analyzed the sex ratio of parasitoids using molecular markers (Abe et al., 2009; Sahand et al., 2012) . No SSR markers have been reported for this insect.
MATERIAL AND METHODS
Samples of P. vindemmiae were collected from the campus of Anhui Normal University, Wuhu, Anhui Province, China, and were maintained with the pupae of the house fly M. domestica. Parasitoid wasps and houseflies were reared in a climatic chamber with a light: dark photoperiod (14:10 h). Temperature and relative humidity were 25 ± 1°C and 60 ± 5%, respectively (Hu et al., 2012) . Genomic DNA was extracted from ethanol-preserved samples using a standard proteinase K/phenol extraction protocol (Sambrook and Russell, 2001) .
The method was based on a modified biotin-capture method (Hamilton et al., 1999) . Following Sau3AI (TaKaRa, Shiga, Japan) digestion of genomic DNA, fragments of 400-1000 bp were removed and purified using an Agarose Gel Purification Kit (Axygen, Union City, CA, USA). The purified fragments were then ligated to 2 adaptor oligonucleotides (adaptor A: 5'-GGCCAGAGACCCCAAGCTTCG; adaptor B: 5'-PO4-GATCC-GAAGCTTGGGGTCTCTGGCC) using a DNA Ligation Kit (TaKaRa). The DNA was hybridized using biotinylated oligonucleotides (AC) 12 , (AG) 12 , and (ACAT) 6 probes (Sangon, Shanghai, China). These heteroduplexes were then selected using Streptavidin Magnetic Particles (Promega, Madison, WI, USA) and the DNA was enriched by polymerase chain reaction using the adaptor A as the forward and reverse primers. Microsatellite-enriched DNA fragments were ligated into the PMD-18T vector (TaKaRa), transformed to DH5a cells and plated onto Luria-Bertani agar medium with ampicillin. A total of 350 positive clones were selected and sequenced on ABI PRISM 3730 automated sequencer (Applied Biosystems, Foster City, CA, USA). Next, 120 primer pairs were designed based on nucleotide sequence regions flanking microsatellites using the Primer 5 software. Only 12 sets of primers showing consistent and specific polymerase chain reaction products were used for further polymorphism analysis and the others were rejected because they lacked an amplification product or because of nonspecific amplification. Polymorphisms in microsatellite loci were analyzed using TP-M13-SSR according to the method of Zhu et al. (2011) and microsatellite loci were shown to be polymorphic.
Tests of significant deviation from Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium were performed using GENEPOP version 3.4 (Raymond and Rousset, 1995) . Micro-Checker version 2.2.3 (van Oosterhout et al., 2004) was used to test for the presence of null alleles. The CERVUS 2.0 program (Marshall et al., 1998 ) was used to determine the allele frequencies and observed and expected heterozygosities (Nei, 1987) .
RESULTS AND DISCUSSION
The numbers of alleles, size ranges, and observed and expected heterozygosities are shown in Table 1 . The number of alleles per locus varied from 3-7 and expected and observed heterozygosities ranged from 0.369-0.775 and from 0.300-0.867, respectively. No significant linkage disequilibrium among pairwise comparisons of microsatellite loci was detected. Three loci (BL2, BL5, and BL7) were found to significantly deviated from HWE (P < 0.01). The reasons that account for deviation from HWE may be population bottleneck effects or inbreeding. Because the samples were cultured in a laboratory, inbreeding rather population effects may account for the 3 deviations from HWE detected in the current study. Although the polymorphisms were low because of inbreeding, the microsatellite loci isolated in this study will be useful for investigating the genetic diversity and future analyses of the P. vindemmiae population.
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